Abstract Patient-funded research has started to emerge in multiple sclerosis studies, such as low-dose naltrexone and stem-cell therapy. While these represent greater opportunities for the physician, scientist, and patient, ethical concerns concerning protocol review, conflict of interests, and protection of subjects are reviewed.
Introduction
Multiple sclerosis (MS) is now considered one of the most expensive diseases in neurology, with the recognition that once officially diagnosed the individual will be on diseasemodifying therapy the rest of their life [1] . An important issue is the recognition that > 10 phase III clinical trials which occurred in the last 10 years have been successful in bringing new therapeutics to market and in diversifying the care of MS. Part of this success has been attributed to multiple initiatives set forth by nonprofit organizations culminating in Food and Drug Administration (FDA) fast-track approval.
Patient-funded clinical research is a contemporary approach that is becoming mainstream, with the goal of accelerating and translating investigations to clinical care [2] [3] [4] . The term Btranslating^in the medical research context means to transform findings from bench to bedside or bedside to community, with the goal of achieving meaningful outcomes. Patient-funded research involves patients or organized patient groups who directly fund research that is not being fully funded by public entities or industry sponsors. This is distinct from pay-to-participate trials or Bpay to play^, which involves patients who pay to enroll in research studies or pay for experimental treatments and/or interventions where principles of social value and fair subject selection have been question in the past [5] . In the case of patient-funded research, the patient is empowered to take on a advocacy role to procure research/ trial in a field or treatment of interest where they might directly benefit. While it could be viewed as altruistic and philanthropic in nature, recent reports suggest that patient-funded trials are not necessarily free of ethical concerns. In fact, patientfunded projects may be more prone to inadequate peer-review platforms, they may pose a higher threat to high-quality scientific evidence [6, 7] , and are not free of conflict of interests (COIs). While these are common concerns across all clinical trials, these threats appear to be increasing in patient-funded research studies.
Only a few patient-funded studies in MS have been officially published [8, 9] . However, over the years there has been an increase in organizations financially supported by patients dedicated to accelerating MS research (i.e., The Accelerated Cure Project for Multiple Sclerosis is a patient-funded national nonprofit organization dedicated to accelerating advances toward a cure for MS). While this new approach should be welcomed, there exists a level of warning concerning future rigor and conduct of studies. All studies, patient funded or not, should be carefully designed, rigorously justified, and Electronic supplementary material The online version of this article (doi:10.1007/s13311-017-0560-9) contains supplementary material, which is available to authorized users.
properly conducted in order to protect the rights, interests, and welfare of patients and contribute to generalizable scientific knowledge [10] .
In the present article, we highlight potential risks and benefits of patient-funded research and discuss COIs and vulnerable populations as standard principles of pragmatic clinical trials. We also suggest strategies for rigorous study design and study conduct within strict ethical boundaries, in order to optimally engage in future patient-funded research in MS.
Low-Dose Naltrexone as a Patient-Funded Study
A contemporary clinical trial in MS that was published as Bsupported by private contributions^was a study by Cree et al. [8] , which was conducted at a major academic institution. It was a single-center, double-masked, placebo-controlled, crossover study that evaluated the efficacy of treatment with 4.5 mg nightly naltrexone [low-dose naltrexone (LDN)] over 8 weeks. In the study by Cree et al. [8] , the primary outcome was set to evaluate changes in selfreported quality of life in patients with MS. The study reported a high dropout rate, with 25% of enrolled individuals not completing the study. Management errors were also reported. The authors concluded that these 2 factors led to a reduction in the trial's statistical power. In this setting, one could question if the trial was well planned, if there was proper institutional review board (IRB) oversight, and if enough attention was placed on sample size estimations [11] . Nevertheless, a systematic evaluation of LDN to confrim efficacy was needed.
An Ethical Response to Patients' Need
To conduct a study that has potential to improve the clinical management of MS could be viewed as an ethical response to patients' needs. The LDN study can be viewed as having had the potential to generalize the results to the target population. Generating data and delivering outcomes more rapidly was also of potential benefit. In addition, capitalization on the potential success of the trial might have provided support for academic advancement of the clinician-scientist, which is an inherent need and could be viewed as a COI. Nevertheless, the trial, although not successful, highlighted the longstanding ethical principles that require that risks to research participants be minimized and justified by the value of the knowledge the study was expected to produce, and the feasibility of extending the knowledge to other populations that would benefit from it.
Patient-Funded Stem Cell Trials and Issues
Numerous recent clinical studies conducting stem-cell therapy in MS have emerged [12] [13] [14] [15] [16] [17] [18] . The discovery of highly multipotent stem-cell types and alternative methods of isolating, creating, and using them brings increased benefits both to the patient and scientist/clinician. However, patient-funded clinical trials using stem-cell base therapy should raise questions and concerns [19] . Outside of institutional oversight, issues of consent, control, and justice should not be taken lightly.
In The study investigated a regenerative strategy using stem cells harvested from the patient's own bone marrow. The stem cells were injected intrathecally. Preclinical testing found that injection of these cells may decrease brain inflammation and promote myelin repair and/or neuroprotection [20, 21] . The study results were presented at scientific meetings reporting statistically significant improvements in disability scores in some patients with progressive MS, with a promise for a future, larger study to confirm the results.
This primary stem cell-based patient-funded study has had a national reach to patients, which has promoted the opportunity to further procure funds for the next phase II trial. Anecdotal reports suggest that patients with MS have reached the principal investigator to request the treatment outside a trial, under the FDA's compassionate rule. Clinicianscientists in many states were also approached by patients with MS and families about the possibility to become a site for the future phase II trial and/or starting a trial at their particular institution.
The fact that some of these trials, such as the example above, have proven beneficial has created a certain degree of pressure on clinician-scientists who have the ability and interest to conduct clinical trials. According to citations from a 2015 article in the national post BAs funding becomes harder and harder to secure for all the good work that legitimate clinical trials seek to accomplish, society needs to be open to this evolving creative process. Patient-funded trials can also close a gap that major pharmaceutical companies are unwilling to fill, testing stem cells and other products that are difficult to patent-and therefore unlikely to attract huge sums of money for traditional testing^.
Overall, one could assume that well-conducted patientfunded clinical trials are a win-win situation for patients, clinicians, and the healthcare system, but the ethical concerns behind the so-called Bpay to participate^trials are a reminder that patient-funded research could potentially run the risk of either being highly or poorly regulated by IRBs/Committee for the Protection of Human Subjects (CPHS) or even being prohibited at major universities in order to avoid significant COIs with philanthropists, donors, and funded clinical trials (see Table 1 ).
Recommendations
The trial at Tish in New York undeniably caused excitement and anxiety for many patients and physicians who engaged in multiple discussions that can be viewed as exhausting and time consuming. Considerations to improve communication would be to acknowledge the scientific advancement in the field, as well as community interest by way of newsletters, a website, or research update lectures and reporting accurate results with an interpretation by the clinician(s) at that MS center, including limitations of the study in a way that patients can understand it.
The possibilities of conducting similar trials at that particular institution should be addressed at an individual institutional level. Our goal should be to recognize that we want to improve neurological disability in those affected with MS while withstanding the pressure from patients to make irrational decisions and have unrealistic expectations of what a clinician-scientist may be able to accomplish.
Ethical Considerations in Patient-Funded Research
As previously mentioned, patient-funded research studies can create a certain number of issues and other pressures on the clinician scientist and the academic institution conducting the trial that are not necessarily dealt with or seen with other clinical trials such as industry sponsored trials.
Scientific Integrity and Study Design
Clinician-scientists must create the study protocol with the rigor of study that could be submitted for funding to a government agency. Studies should not be designed to obtain the desired outcome; in particular, they should not be designed to benefit important donors, despite the pressure they may assert. Ideally, the protocol would be designed before donors are approached. Donors may specifically ask for studies to be designed to benefit them or at least ensure inclusion. The investigator would have to decide between the ideal study or a less ideal but Bfeasible to be funded^study that would also benefit the local MS community. Donors may be uncomfortable with studies that would have a placebo control arm, which is ideal when evaluating a new therapeutic strategy. This can be managed by using an established treatment for MS instead of placebo.
Time to Enrollment
Donors may not understand the time necessary for protocol design, recruitment of necessary personnel and approval by a local IRB. Establishing realistic expectations from the planning phases as well as the use of official updates may be extremely beneficial in maintaining a sense of teamwork and inclusion without allowing interference from donors.
Selection Bias and Social Justice
Inclusion/exclusion criteria should be carefully defined to maximize the potential efficacy of the experimental therapy to be tested so as to include patients with MS who are most likely to benefit by it, with emphasis on not tailoring the criteria so as to allow inclusion of all donors. The potential of being excluded from the trial should be carefully explained to donors prior to obtaining the funds, emphasizing the benefit of the information gained by the study should the donor be excluded. Table 1 Case scenario EG is a 39-year-old man with relapsing-remitting multiple sclerosis (MS) and significant disability. He has been deteriorating over time despite trying multiple disease-modifying treatments. Recently he has become interested in the advances in stem-cell transplants. While discussing the difficulties of obtaining funding for these kind of studies with his MS specialist, EG proposes to donate and organize a fundraiser for stem-cell transplant research at the university's MS center, where his clinical care takes place, Bas long as I get a spot in the trial^. Questions Is it ethical for the institution to receive funding with conditions? Is there potential harm in the physician promising a spot in the research to his patient? Patient-clinician relationship becomes a delicate issue when the donor expects a certain degree of Baccess^to the study he/she is interested in funding and or expects Bspecial treatment^because of it. This becomes more problematic when the clinician proposes a randomized, placebo-controlled, double-blind study, which can potentially place the donor in the placebo arm. Other issues such as the expectation of being informed of the progress of the planning phases or expecting the physician to consider suggestions and opinions can also become an issue with important donors. Another consideration is the actual knowledge of the donors/patients and the sources from which they are obtaining this information, which can result in unrealistic expectations not only for outcomes, but also for the process of adequately designing and conducting a trial and the length of time the complete process may take. BThere is no good evidence to support the empirical assumption that research studies, as a class, are more likely than clinical practice to run counter to the medical best interests of patients^(Hastings Center Report 2013 [23]).
Access
Ideally, enrollment should be open to all patients in a community, but it is understandable that patients from a particular MS center would have priority for enrollment, especially if the center is supporting the study financially. However, this may pose a selection bias, which would then need to be addressed. Discussions regarding this issue should happen during the planning phases, especially when considering that patientfunded research would likely continue to be limited to studies with small number of patients, as most MS research studies can have a high cost, and donations in general cannot compete with industry or government agencies, with some exceptions.
Dissemination of Results to the Scientific Community
It is important to maintain an engagement with the rest of the scientific community via scientific presentations at conferences, publications, and peer-to-peer communication so that the MS community may benefit from learning the outcomes, whether positive or negative.
Best Practice Guidelines
Best practice guidelines can be used to infer the ethical and scientific standards in conducting the specified clinical research (Table 2 ). In addition, those involved in patientfunded research should create educational material explaining the study; this should preferably be written at a 5 to 6 grade level and with pictures/graphics to further explain the concepts, including a time frame and time line for each step of the study and when results are expected. This material should be tested for accuracy and clarity, prior to IRB approval and discussed with patients in detail once they have had the opportunity to see it. It can be done as a video, website, meeting with handouts or pamphlets, but not as a pure discussion, as it is easy to assume the information presented was understood when it was not. Informed consent should include a line stating that the patient has read the additional information and currently has no further questions. A questionnaire with key questions of issues that could cause confusion can also be given to each patient and reviewed by the investigator prior to the consenting process. Considerations regarding COI and vulnerable populations are also important.
COIs
A COI occurs when an individual who is involved in multiple interests has one interest that might interfere with another. A COI arises mostly out of investigators' relation with the sponsor and perceived financial COIs to the study or care are a threat to trust. The now more common COI arises from the emergence of physician payment as salaried-supported investigators in industry-sponsored trials where the physician recruitment practices may be stirred away from the patient's best interests [20] . In the case of patient-funded clinical trials, the investigator is likely to have a relationship with the patient, where that patient or patients may be largely motivated by seeing the medication, product, or tool be accessible in a shorter time. In addition to patient-related conflicts, the institution itself may itself view patient-funded research as a revenue source given that research overhead is likely to be higher for patient-funded trials than for National Institutes of Health-based.
The US Department of Health and Human Services recognizes that some conflicting financial interests in research may affect the rights and welfare of human subjects [9] . In a recent study that examined if physician compensation for pharmasponsored clinical trial in MS influences patient trust, it was found that much of the trust differences were due to individuals past experience with being in a clinical trial. Nevertheless, mistrust was seen by both groups of individuals if salary support was provided by the sponsor (38-61%) [24] . This highlights the importance of communication with patients concerning COIs. The institutional ethics committees and investigator both have the responsibility of identifying such conflicts and to ensure that these do not compromise the protection of human subjects and the outcome of the trial.
According to Pham-Kanter et al. [25] BPatients' contact with physicians who receive industry payments is more prevalent than physician-based measures of industry contact would suggest. Very few Americans know whether their own doctor has received industry payments or are aware that payment information is publicly available^. This becomes especially important when clinicians who receive industry payments become involved in patient-funded research especially if the Bdrug^to be tested is related to stem cells. A case in point is a private company called Celltex Therapeutics Table 2 Best-practice considerations 1. Is the intent of the project either to test a novel hypothesis or to replicate another researcher's original study? 2. Will patients or personnel be exposed to additional discernable risks or burdens beyond those of usual care at the institution?
3. Does the project involve withholding of any aspect of conventional care shown to be beneficial in prior well-conducted clinical trials?
4. Does the project seek to test interventions, practices, or treatments that are not standard of care (neither consensus-based nor evidence-based)?
5. Will the safety and/or effectiveness of a drug or regulated device be evaluated or be compared with that of another? 6. Will the project be described as research in grants, public presentations, academic dossier, or other representations?
7. Does the project have funding from an organization with a commercial interest in the use of the results?
Corporation; the company has not only attempted to establish a relationship with clinician-scientists in academic centers in the area, but has also asked those clinicians to agree to participate in data collection with financial compensation for patients undergoing paid transplants outside the trial. Some of these relationships are necessary in order to complete these trials, but the clinician-scientist is encouraged to minimize the role as advisor under compensation once the trial in question is approved by the IRB.
Recommendations
COI exists independently of whether decisions are affected by a personal interest. A COI can be viewed as the potential for bias to creep into the conduct of research, not the likelihood that bias actually is present. Disclosure of COIs by the clinician-scientist and the Sunshine Act help in promoting rigorous ethical standards and maintenance should be required in patient-funded research [26] . This should be part of the discussion that takes place before the consent is given; a signature space attesting to the above should also be included in the consent form. In the case of a clinician-scientist with COIs and inability to eliminate them before conducting the trial, the COI should be submitted to an ethics committee that will determine the conditions under which the clinician may continue to engage in paid compensation by the company causing the COI with the clinical trial. These so-called COI management plans are reviewed on an annual basis to ensure that conditions have not changed and reassess the possibility of biases affecting the trial's outcomes. Much of the COIs that exemplify the Sunshine Act reports refer to tangible COIs; those that are measurable and quantifiable. The issue of intangible COIs need to also be considered. These involve personal, prejudicial, and professional conflicts that pertain to growth, institutional aspirations, and personal opinions. Because the nature of patient-funded research will usually involve a personal relationship that exists between the community base organization and/or patient and physician running the trial, the potential for intangible COIs should be carefully examined. Devising new strategies to manage, reduce, or eliminate intangible and tangible COIs is expected to be an ongoing challenge [27] .
Vulnerable and Special Populations
There are ethical considerations in research that should be considered where the possibility of social factors is likely to intersect with health care. The concept of who is considered vulnerable is used in research ethics to signify those identified as needing extra protection over and above the usual protection conferred to those who participate in research. More commonly, a vulnerable and/or special population can be an individual who is economically disadvantaged, a minority, pregnant, has children, or has a chronic health condition, including cognitive and mental illness (Table 3) [28] [29] [30] [31] . Other special populations include students and employees, where participation may be perceived to be required to prevent discrimination and/or loss of benefits [31] . In MS, vulnerable populations are encountered in our day-to-day practice and the integration into clinical trials to provide some level of care in those with less access can be tempting. In MS, potential vulnerable populations include minority groups such as African Americans, Hispanics (primarily Spanish-speaking), and children. While it is no longer morally or medically acceptable to exclude them, it is important to consider the established guidelines and regulations set forth by the federal government under the Common Rule [32] , to ensure voluntariness and freedom from undue influence such as coercion, manipulation, or persuasion. Vulnerable populations deserve special procedural protections as they have been the victims of unethical behavior in research in the past.
While no specific publish examples exist in the MS literature, it is important to recognize that in the recent years minority populations are now of interest to clinical trial participation [33] . Hispanics and African Americans with MS are poorly understood and have been reported to lack adequate knowledge of MS [34] , and there is the possibility that patientfunded research would seek to fund projects dedicated to this subject. It will be important to recognize that patient-funded research that primarily seeks to fund a project that involves a vulnerable group has the potential to be high impact and provide the greatest potential for improved health outcomes. Also, ethical concerns would lie in the recruitment, selection process, and ability to conduct culturally competent research. The inclusion of minorities would benefit from community engagement, which could ensure sensitive approaches and potential delivery of more effective interventions that are specific to that populations need.
Ethical concerns also exist in the conduct and feasibility of pediatric trials in MS [35] , with a recent emphasis on examining if adult treatments in MS have the same efficacy or risks in children. The recognition that children are vulnerable individuals because they do not have the autonomy to decide whether to participate in a trial or to refuse participation requires we deliver clear communication and develop a strong [36] .
Recommendations
Patient-funded clinical research suffers from the same vulnerabilities that can be driven by power to recruit into a study. We need to be cognizant of the past research that has taken place in minority populations-this includes understanding the short-and long-term consequences that trials such as the Tuskegee Study in syphilis in African Americans brought to the community. Understand that patients, participating or funding, may be identified as vulnerable which could still place them at risk. Thus, clinical investigators need to be aware of the federal regulations, the challenges they may impose, and be able to report and protect them in their review under their IRB.
Conclusion
We recognize that patient-supported research is likely to increase in the MS field as experimental treatment options continue to be considered. Our job as clinician-scientists will not only be to provide our patients with education governing participation, but will also necessitate the alliance with a third body to examine our own COIs in order to maintain the highest possible scientific quality while addressing the patient needs to be involved in the process. Pharma and governments may not be willing to pay for the studies necessary to improve patient care, and payers are unlikely to support experimental treatments that have not been tested or approved by the FDA, in which case it leaves payment/sponsorship in the hands of patients, increasing the potential for ethical dilemmas.
